Reference has already been made to the minuteness of size of the virus of foot-and-mouth disease and to its electropositive charge in the first two papers of this series.' .2 We believe that these two factors serve to explain in part the unusual resistance of the virus to certain chemicals. So great is its tenacity in the presence of strong reagents that one might interpret this phenomenon as a sign of the inanimate character of the incitant. B u t as the sequel will show these chemical actions are illusory.
For example, Abe n found that 70 to 75 per cent alcohol precipitates the virus of foot-and-mouth disease, along with the albumens of infective blood, which can then retain its activity for 2 to 3 days in a dried state. Stockman and Minett 4 reported that 25 to 50 per cent alcohol does not destroy it after at least 3 days and 10 per cent, after at least 20 days. With regard to chloroform and ether, these writers state that 10 drops of chloroform to 5 cc. of 1:100 virus do not inhibit activity after at least 27 days; and 10 drops of ether to 3 co. of filtrate do not destroy * Olitsky, P. K., and Bo~z, L., J. Exp. Med., 1927, xlv, 673. 20litsky , P. K., and Bo~, L., J. E.zp. Med., 1927 , xlv, 685. * Abe, T., Z. Infektionskranhh. Hausti~re, 1925 , xxviii, 11 I. * Stockman, S., and Minett, F. C., J. Comp. Path. and Therap., 1926 815
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it after more than 10 days. In similar proportions of acetone the active agent survives for at least 4 days, and in 50 per cent glycerol, as is the case with many filter-passing viruses, indefinitely. These remarkable conditions have also been confirmed in general by Bedson and Maitland. 5 The results of our experiments are in agreement with those of Abe and the British investigators. For we have found repeatedly that in 20, 40, 50, and 60 per cent alcohol the virus either in ground infected pad tissue or in aspirated lymph remained alive for at least 26 hours. In 5 experiments, the virus admixed with practically undiluted acetone maintained its viability for 20, but not for 30 minutes. Nor was it killed by supersaturation with ammonium sulfate--the active agent was viable in the coagulum for at least 2 hours.
In view of the fact that bacteria generally are destroyed very rapidly by these agents (staphylococci in 1 minute by 60 per cent alcohol), we believed that it was sufficiently important to undertake a comprehensive series of experiments which might indicate whether the resistance to chemicals was real or merely masked. We were aware that under the conditions employed by earlier investigators, a comparison between the resistance of the virus and that of bacteria, such as staphylococci, could not be made. In the case of the latter the reagents were added to a pure culture or a material which was presumed to contain nothing but bacteria and the diluent; in that of the virus the chemicals were added to tissues or the solid and fluid constituents, mainly protein, of an inflammatory exudate, of which the virus occupied only a small part. Furthermore the chemicals to which the active agent is resistant are all capable of coagulating proteins. That the virus is readily adsorbed to these coagula will be shown in the following protocol.
Protocol 1. ControL--Infected guinea pig pads 24 hours after injection were ground with sand and a quantity of 90 per cent alcohol was added to make the final dilution of the latter 60 per cent. A heavy coagulum resulted. Mter 2 hours centrifugationat2500R.1,.M., the clear supernatant fluid and the sedimented material were injected intradermally in 3 guinea pigs, respectively, for each of the 2 portions. After 24 hours all 6 showed typical primary lesions and after 48 hours, secondary vesicles in the mouth and pads.
5 Bedson, S. P., and Maitland, H. B.. J. Comp. Path. and Tkerap.. 1925, xxx-viii. 229 .
Test.--At the same time, the coagulum of similar alcoholized material, which was active for at least 26 hours, was allowed to settle for 1 hour. The topmost and lowest portions were injected into guinea pigs with the result that all 4 animah exhibited primary lesions 24 hours after inoculation, and secondary lesions 24 hours later. The supernatant fluid was filtered through Berkefeld candles. The filtrate was free from virus.
This experiment is typical of 7 others. In the remaining tests the contact with alcohol before filtration covered a period of from 2 to 3 hours and the virus employed consisted of infective blood, ground pad tissue, or aspirated lymph.
To summarize the results of these tests it may be stated that alcohol, when added to blood, ground pad tissues, or aspirated lymph containing the virus, causes the formation of a more or less dense coagulum. Centrifugation of these agglomerations leaves a supernatant fluid which is still active. We have already shown that the virus as it occurs in the tissues of the guinea pig is not centrifugable and we have discussed the inability of the centrifuge to depose or sediment completely minute particles. 1 On the other hand, filtration is a more effective means of separating particles from a fluid. Hence by employing Berkefeld filters, which owing to their relatively larger sized pores permit the passage of the active agent irrespective of electric charge, ~ these particles are thereby withheld from the filtrate. The filtrate then is free from virus. In other words, the active agent is closely attached or adsorbed to or forms a nucleus in the center of the coagula formed after the addition of alcohol.
Similar results were obtained with acetone. In pure acetone, which forms a heavy soft coagulum, the active agent survived for 20 but not for 30 minutes. If the material was filtered immediately after complete coagulation occurred, the Berkefeld filtrate was inactive.
With ammonium sulfate the result was the same. In this instance, materials containing the virus after supersaturation with ammonium sulfate for 1 hour at 37°C., exhibited a heavy coagulum. The latter was active but on filtration of the substance through Berkefeld candies, the filtrates were inactive. In two instances the clear filtrate obtained by employing 2 layers of Schleicher and Schiill, No. 589 filter paper was also free from virus.
Hence it appears that the active agent in guinea pig tissues is completely adsorbed, and protected, as we shall soon show again, by the precipitates formed after the addition of alcohol or acetone or ammonium sulfate.
The next step to suggest itself in a further study of this phenomenon was the relation of the amount of protein in the material containing the virus to its capacity for resisting the action of the reagents.
By filtration of vesicular fluid through Berkefeld candles, it was possible to remove a considerable amount of protein substances, especially cells, fibrin, clots, and larger miscellaneous particles. Filtrates, however, usually showed the biuret reaction so that not all proteins were thus eliminated. However, when alcohol or acetone was added to filtrates, only a faint haze of micell~e resulted. How this influences the resistance of the virus to the reagents is illustrated in the following experiment.
Protocol 2.--1 co. of aspirated lymph from pads injected 24 hours previously was added to 20 cc. phosphate buffer at pH = 7.5. This was then filtered through a Berkefeld N candle and of the filtrate 5.4 cc. were taken. To this amount, 10 cc. of 90 per cent alcohol were added which made the concentration of the latter equal to 60 per cent. 0.1 cc. of the remainder of the filtrate, non-alcoholized, was injected into each of 2 guinea pigs, as controls, to test its activity. In 48 hours both animals exhibited the typical experimental disease.
A series of guinea pigs was now inoculated intradermally with the alcoholized filtrate after varying intervals: After S minutes, only 1 of 2 animals injected was positive with an incubation period of 4 days; after 15 minutes the same result occurred with an incubation of 3 days; after 30 minutes and 1 hour, the filtrate proved inactive.
This experiment is typical of several others in some of which 30 per cent alcohol as well as filtrates of ground infected pad tissues were also employed.
The conclusions to be derived from all these tests are that although the unfiltered virus remained viable in 50 or 60 per cent alcohol for at least 26 hours, filtered material showed no such resistance: When 30 per cent alcohol was added to active filtrates of aspirated lymph or ground infected pad tissues, the virus was killed within 15 to 20 minutes, and in 60 per cent alcohol, within 1 to 15 minutes, depending on the concentration of the active agent. The unfiltered material contained more protein substance than the filtered and hence a greater amount of coagulum which displayed a greater ad-sorptive function. The consequence was that the virus in filtrates was more open to the direct attack by the reagent.
As a corollary, the immediate refiltration of the active coagulum formed by adding alcohol to filtrates, removed the virus. This is not due to double, or repeated, filtration of the virus materials, for control tests showed no such tendency.
From these observations further proof is adduced that there is a relationship between the amount of virus adsorbed to large coagula and the killing effect of alcohol. There is an indication here which points to the possibility of increasing the destructive action of alcohol, if the latter could be placed in contact with free, or unadsorbed, virus. We have already stated t that the virus can exist in a free state.
We believe that we have succeeded in bringing this about by taking into consideration the fact that coagulation of proteins by alcohol is a periodic phenomenon, depending on hydrogen ion concentration. °, 7 For example, a basic experiment was performed with ascitic fluid as the protein material. It was found that the heaviest coagulation by 60 per cent alcohol occurred between pH = 7 and 7.6, maximum at p H = 7.5. At p H = 8.2 there was absolute clearing and at pH -~ 6.5, only a slight micellar haze was noted. Hence at a certain point, reached by adding a definite minute quantity of 0.5 per cent NaOH to protein material, alcohol does not coagulate. Furthermore, the quantity of alkali necessary to prevent this coagulation is insufficient per se to kill the virus. Since it is impossible to make determinations of the hydrogen ion concentration of alcohol, we proceeded in an empiric manner, after the method of Loeb s in his studies on solutions of protein in alcohol-water mixtures, to determine precisely the amount of alkali necessary to inhibit coagulation. We found these technical operations to be important in carrying out the tests. 1. All material should be measured in conical beakers or chemical mixing glasses and not in test-tubes, for spattering of the virus or insufficient mixing of the substances may give irregular results.
2. The active virus, whether in aspirated lymph or ground infected pad tissues should be filtered first through filter paper to remove clots and small particles. The dilution employed in tests and controls was 1:50 to 1:100. In each experiment, the paper filtrate was injected intradermally in guinea pigs to test its activity.
3. The phosphate buffer 9 at pH = 7.5 should be adjusted to this point just before use, since sterilization or standing in glass utensils may cause a change in hydrogen ion concentration. The buffer is used only for making suspensions of the virus. For controls (see Table I ) distilled water is substituted for the alcohol or NaOH as the case requires so that the buffer effect remains constant throughout each series.
4. In the test, the alkali should be added first, then the alcohol (for water in controls), and lastly the virus. Immediately thereafter these ingredients are thoroughly mixed, and after the time set for contact, fluid is removed from about the centre of the mixture.
5. Since the measure of the killing effect of alcohol is not cultural but biological, that is, the injection of the test materials intradermally i.n guinea pigs, great care should be observed in differentiating the dull white alcoholic, or the dirty yellow alkali, inoculation necroses, from the lesions of experimental foot-and-mouth disease. As safeguards it was necessary, (a) to have a strain of virus which produced regularly secondary vesicles, (b) to transfer suspected tissues to normal guinea pigs for the observation of uncomplicated effects, and (c) whenever possible to subject recovered animals to an immunity test.
In the tests 60 per cent, 40 per cent, and 20 per cent alcohol dilutions were employed. These percentages indicate the final concentrations which were obtained by using stock alcohol of 90 per cent strength. Of this a sufficient amount was taken to make the required concentration, in a total volume of test or control materials of 7.7 cc.
It was found that in this volume and with these percentages of alcohol the quantity required of the NaOH, 0.5 per cent solution, was 0.33 cc.
In Table I , the different amounts of the materials employed are tabulated, as well as the general manner of procedure, both in regard to the tests and their corresponding controls. F r o m this t a b u l a t e d r6sum6 it is to be n o t e d t h a t the active a g e n t as it exists in the tissues or exudates of the guinea pig resists the action 9 For its preparation, Papers I and II should be consulted.
of alcohol in dilutions of 60, 40, or 20 per cent. But the resistance is due to the adsorbing coagulum which results from the interaction of alcohol on the proteins of the milieu in which the virus resides. The latter is also unharmed by the presence of NaOH 0.5 per cent in the We could make no comparison with other filter-passing viruses in respect to sensitiveness to alcohol under similar conditions. Hence we turned our attention to a definite living microorganism, the staphylococcus, for a relative study.
Comparison with Staphylococci.--In the following experiments cultures of Staphylococcus aureus, obtained from a patient with osteomyelitis, and grown on plain agar slants were substituted for the virus materials, and then subjected to alcohol action under similar conditions.
Protocol 4.--Snspensions of staphylococci were made in phosphate buffer at pH = 7.5. A proportional amount of this and of the stock 90 per cent alcohol was taken to make final concentrations of 60, 40, and 20 per cent of the latter, with the same quantities outlined in Table I for the virus-alcohol tests. This constituted 1 series, to check the next in which again 0.33 co. of NaOH 0.5 per cent was added to the volume of 7.7 co. of staphylococcus-alcohol suspensions. A tabulation of the results is given in Table 1I .
In respect to a suspension of staphylococci containing only microorganisms which are not admixed with proteins as is the case with the virus, Table II shows that 60 per cent alcohol was capable of complete inhibition of growth within 1 minute. 40 per cent alcohol killed staphylococci after 6 minutes and 20 per cent after 3 days. But with this microorganism as well, the addition of the alkali increased somewhat its sensitiveness to the reagent: in 40 to 60 per cent alcohol the lethal action was too short to make a definite difference but in 20 per cent alcohol the killing time was shortened 2 days.
We may now make a comparison between the virus and staphylococci in regard to this phenomenon.
In 60 per cent alcohol the virus in its protein milieu remains alive for at least 26 hours--for a much longer time according to Abe and the workers of the British Commission. But freed from the protective coagulum, the virus is killed within 1 minute--so are staphylococci.
10 In 4 instances the lethal point was 1½ hours, 1 hour, or less, but in 1 instance which we cannot explain, the virus resisted 20 per cent alcohol plus NaOH for 7 hours. Stockman and Minett, 4 however, found that 25 per cent alcohol per se kills the virus after 3 days and 10 per cent after 20 days.
In 40 per cent alcohol, the virus in the guinea pig tissues or exudates is resistant for at least 26 hours, or even several days. In its free state, however, it is killed also within 1 minute. The growth of staphylococci is inhibited, on the other hand, after 5½ to 6 minutes. Control cultures of the staphylococcus suspension showed the usual growth after 4 days.
In 20 per cent alcohol the virus in its natural state can remain viable for at least 3 days? But when it is not adsorbed to coagula and there exposed directly to the action of this reagent it is killed in from less than 1 to 7 hours (in an exceptional case). Staphylococci,
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on the other hand, are killed after 23 hours (with alkali) or after 3 days (without alkali).
In conclusion it may be stated that in testing viability of the virus admixed with proteins, one encounters complications due to the protective action of the protein coagula. When coagulation is prevented by taking advantage of the periodic phenomenon, and the virus is exposed in toto to the action of the chemical, it is then even more sensitive to destruction than a culture of a known microorganism, such as staphylococcus. The view-point, therefore, that the active agent of foot-and-mouth disease, by itself, is more resistant to alcohol than living bodies, such as bacteria, is incorrect.
Alcoholized Virus in Cultures.--It was believed that concentration of the virus could be effected by its adsorption to the coagulum which is formed by adding 60 per cent alcohol to the active agent in a protein milieu. By employing such "alcoholized" virus we also had in mind the possibility of removing ordinary, contaminating bacteria and, at the same time, the inhibiting substances which prevent growth in vitro. Results of experiments show that the virus prepared in this manner cannot be used for culture: for example, in buffered gelatin (described in the next paper on cultivation experiments), control virus survived at 34°C. for at least 9 days but no activity was noted with alcoholized virus on the 5th day of incubation.
Virucidal Chemicals.
It may be concluded from the observations already given that chemicals employed as antiseptics, which produce coagulation of proteins and lead to protection of virus adsorbed to the formed particles, may not be active as virucides. On the contrary, such substances which do not coagulate the proteins of the material containing the virus, thus placing one in more direct contact with the other, may act more powerfully as destructive agents. As the following will show we were justified in this belief.
The scope of this test was extended to include chemicals which are coagulating and those which are not, employing with both the same sample of virus materials and comparing their powers of destruction. Accordingly we chose as examples of the 1st group, such substances as bichloride of mercury and cresol, 2 samples. Later a new preparation advanced as a certain antiseptic against the foot-andm o u t h disease virus, chloronal, n was added. As specimens of the 2nd group of non-coagulating substances we selected antiformin and sodium hydrate.
In view of the fact that under actual field conditions coagulants are generally employed as virucides, most often cresol and bichloride of mercury, the results of the following experiments take on a greater significance.
T h e 1st experiment dealt with the virucidal properties of bichloride of mercury and 2 different samples of cresol, one labelled as such, and the other, as a cresol compound. Protocol 5 illustrates one such test:
Protocol 5.--Aspirated lymph virus was diluted in phosphate buffer at pH = 7.5. This form of virus was employed instead of fragments of infected tissue so as to favor any destructive action of the chemicals. To 2 cc. of 1 : 100 of the suspension of the active agent were added 2 cc. of 1 : 500 bichloride of mercury and to other respective lots, 2 cc. of 6 per cent cresol and liquor cresolis compositus. In the end the dilution of the virus was 1:200, of the bichloride 1:1000, and of the cresol preparations 3 per cent. Mter varying periods of contact, from 5 minutes to 6 hours (the longest time of testing), the mixtures were injected intradermally in guinea pigs. The results with all these substances were practically identical: Guinea pigs injected with material after 5 minutes to 2 hours contact showed primary vesicles in 24 hours and secondary lesions in 48 hours. Those animals injected with material after 4 to 6 hours contact exhibited primary lesions in 48 hours and secondary vesicles after 72 hours.
All the precautions mentioned in Protocol 3 were employed and great care was taken not to confuse chemical necroses with the lesions of experimental foot-andmouth disease.
Hence bichloride of mercury, cresol, or compound cresol, all forming large coagula with virus materials, act as does alcohol. T h e y do not destroy the virus quickly, at least, not after 6 hours, the longest period tested. On the other hand, in 2 other experiments chloronal in a S per cent solution, which substance forms much lesser and finer coagula, failed to destroy in 30 to 32 minutes but after 1 hour inactivated the virus.
n Trautwein, K., Arch. wissensch, u. prakt. Tierheilk., 1925, lii, 254 . According to this writer, chloronal contains 25 to 30 per cent chlorine, mainly in a dissociable state; but it is stated that it coagulates albumen.
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T h e next step was to test the action of antiformin and sodium hydrate, substances which do not coagulate the proteins of the m e d i u m containing the virus.
Protocol 6.--Of antiformin, 1 per cent was employed; of sodium hydrate, i, ½, 1, and 2 per cent. The virus was diluted in phosphate buffer to 1:40 and, as a more severe test of the action of these reagents, consisted of ground infected pad tissue, unfiltered, and containing particles up to about 3 mm. in size. In other experiments in this series, aspirated lymph was also used as a source for virus; in still others the latter was diluted only 1:10. In all cases, however, the results were identical, and as follows:
Antiformin 1 per cent in contact with virus for 1, 2, 3½, 5, 15, and 60 minutes. All guinea pigs injected intradermally failed to show signs of the experimental disease.
Sodium hydrate ]~ per cent. 2 of 4 guinea pigs injected intradermally exhibited, in both cases, after 3 days, primary lesions of the experimental disease, with specimens in which the alkali and virus were in contact for 1 minute. The virus, however, after exposure for 3 minutes was inactive.
Sodium hydrate ½ per cent. 1 of 4 guinea pigs injected intradermally showed after 2 days primary vesicles and after 5 days, secondary lesions. Exposure of virus to the alkali 1 minute. After 3 minutes contact all the injected animals remained well.
Sodium hydrate 1 per cent in contact with the virus for 1 and 3 minutes. None of 4 guinea pigs injected were affected.
Sodium hydrate 2 per cent in contact with the virus (1:20 to 1:40 final dilution) for 1 to 3 minutes. Of 10 guinea pigs injected intradermaUy with the mixtures, all remained normal. Observations were also extended to cover a period of contact from 3 minutes to 1 hour. Again none of the latter injected animals was affected.
It is to be noted that variations in the technique outlined in Protocols 3 and 5 may lead to errors of interpretation. With antiformin and sodium hydrate, especially in higher concentrations, chemical necroses are apt to occur at the site of injection which may mask the primary lesions. Hence attention should be given to the appearance of secondary lesions. In addition, material from all suspected pads should be removed and suspensions thereof injected into a series of normal animals for control of the specificity of the reaction, and finally, whenever possible recovered animals should be tested for immunity.
These experiments demonstrate that chemicals such as antiformin and sodium hydrate, which do not coagulate the' proteins of the m e d i u m containing the virus and therefore coming in direct contact with the active agent, were powerfully destructive to the incitant.
Antiformin in 1 per cent killed the virus within 1 minute. 12 Sodium h y d r a t e ¼ to ½ per cent destroyed the active agent within 3 minutes but not in 1 minute. At this concentration, however, the destructive effect was weak and irregular. But in 1 to 2 per cent solutions, the inhibiting action occurred within 1 minute and was complete and regular. It m a y be stated in favor of the completeness of this neutralizing effect, that the virus was penetrated and killed even when present in fragments of tissue as in ground infected pad tissues containing particles about 3 man. long.
The question arose then as to whether soda could replace sodium h y d r a t e in respect to the latter's powerful action. B u t our experience with 5 per cent anhydrous sodium carbonate has shown that this could not be done.
T h e regular and energetic destruction of the virus by sodium hydrate in low concentrations led us to seek a practical application. Field conditions were imitated by admixing virus in bits of tissue with cow's urine, with manure, and with garden earth, and then exposing such mixed materials to the action of sodium hydrate. An illustrative experiment, one of several, follows:
Protocol 7.--24 hours after injection, 4 infected pads were removed from guinea pigs and ground ill 20 CC. of phosphate buffer at pH = 7.6. To this were added 20 cc. of aspirated lymph virus of a dilution of 1 : 10. The material was unfiltered and contained a number of small particles of tissue. 2 cc. of this virus suspension were added to 2 cc. of urine from a normal cow. The probable dilution of virus in this instance was 1:20. 2 cc. were also added to about 5 gin. of manure from normal cattle and to a similar amount of earth obtained from an area near the stalls. In all instances the virus was thoroughly admixed with the substances to which it was added and the mixtures were allowed to stand at room temperature for 1 hour.
Then to the virus suspension itsdf, and to the urine, the manure, and the earth containing the virus, a quantity of sodium hydrate 4 per cent solution was added to make the final concentration of the latter 2 per cent. Guinea pigs were injected intradermally with the mixtures exactly 1, 3, and 5 minutes after adding the alkali. Observations extended over 12 days showed that none of these animals became infected.
12 Stockman and Minett 4 have also found that the virus (in comparison with its great resistance to alcohol, ether, etc.) is easily destroyed, in "less than 1 hour," by antiformin 1 per cent.
At the end of an hour or after the completion of the test, portions of the virus suspension itself, and the urine, the manure, and the earth containing the virus, were injected intradermally in respective guinea pigs, which served as controls for activity of the different materials. In all animals typical primary lesions were observed 24 hours after injection and secondary vesicles 12 to 24 hours later. 13 I t appears, therefore, t h a t sodium h y d r a t e in a 2 per cent solution is capable of destroying, within 1 minute, not only the virus in its ordinary condition even when contained in fragments of tissue, b u t also such virus admixed with cattle urine, with manure, and with earth.
As a further application of the virucidal effect of this reagent to field conditions, the test was extended to include cattle as experim e n t a l animals. T h e results are shown in the following protocol.
Protocol 8.--The materials employed in this experiment were prepared in a manner exactly similar to that mentioned in Protocol 7. To portions of a suspension of virus, and virus mixed with cow's urine, with manure, and with earth,--in all cases thoroughly incorporated,--was added sodium hydrate in suflficient quantity so that the final concentration of the latter was 2 percent (see Protocol 7). 1 minute later 9 cattle were inoculated by the method of scarification of the mucous membrane of the mouth and then rubbing in the substances quite briskly: 3 cattle were inoculated with the NaOH-virus material and 2 each with the remaining 3 mixtures, respectively. 1 hour later 3 normal cattle and 4 guinea pigs were inoculated, the former by the same scarification method employed in the test animals, with the suspension of the virus; and the latter intradermally, with the portions of the remainder of the 4 different virus mixtures. These animals served as controls for the activity of the virus and the latter admixed with urine, manure, or soil. In addition to these controls, a hog was injected intravenously and 2 convalescent heifers locally.
None of the cattle inoculated with the virus mixtures exposed to the action of sodium hydrate for 1 minute was affected, while all of the control animals except the convalescent heifers showed within 48 hours symptoms of experimental footand-mouth disease.
The 9 cattle employed in the test series--the 1st group--were inoculated, after 28 days, by the same scarification method, with active virus. M1 of them became ill with the typical experimental disease; thus demonstrating that the absence of effect from the first inoculation was not due to a natural resistance. One m a y conclude from the foregoing t h a t the destructive effect of 2 per cent sodium h y d r a t e on the virus is complete and r a p i d --w i t hin 1 m i n u t e --a s shown b y tests not only on guinea pigs b u t on cattle as well. This leads to the consideration of this reagent as an effective virucide in practice, u
Comparison of Action of These Reagents on Staphylococci.--We now turned our attention to the action of the different chemicals employed as virucides, upon definite living microorganisms such as staphylococci. T h e object in such determinations was to note whether the Inf.
The indicating marks are similar to those used in Table II. active agent of foot-and-mouth disease is b y virtue of these reactions in a class byitself, or whether it can be correlated with living bacteria.
Protocol 9.--Suspensions of staphylococci were prepared as in the experiments cited in Protocol 4. To these were added, respectively, bichloride of mercury in 1 : 1000, cresol and cresol compound, in 3 per cent, chloronal in 5 per cent, antiformin in 1 per cent, and sodium hydrate in 2 per cent, final concentrations. After varying periods of time at room temperature, 0.1 cc. was subcultured on agar. The results are tabulated in Table III. i4 The limited time and space at our disposal prevented similar tests on cows with 1 per cent sodium hydrate. But the results with guinea pigs demonstrate that this concentration of the chemical may be equally effective.
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The results summarized in Table III reveal that pure cultures of staphylococci are killed by contact with bichloride of mercury 1 : 1000 after 5 minutes; by cresol 3 per cent, after 1 hour; by chloronal 5 per cent, after 3 minutes; by antiformin 1 per cent, after 1 minute; and by sodium hydrate 2 per cent, after 5 minutes.
The destructive action of these substances on pure staphyloccoci may now be compared with that on the virus as it is ordinarily employed in a protein medium. For greater ease~0f comparison the results of the latter experiments are summarized in Table IV . Table IV shows that the virus resisted the chemicals which caused protective coagulation of the proteins of its medium, but was killed within 1 minute by those which did not form a coagulum. On comparing the results given in Table III with those in Table IV , it will be noted that the active agent when not protected by coagula is still more sensitive to destruction by the same reagents, sodium hydrate and antiformin, than are staphylococci. Hence these tests confirm the prior conclusions with respect to the action of alcohol on the virus and on staphylococci. Furthermore, none of the effects of these reagents on the virus can be interpreted as an indication of its inanimate character.
SUMMARY AND CONCLUSIONS.
The virus of foot-and-mouth disease exhibits a remarkable resistance to such bactericidal agents as the narcotic solvents (alcohol, ether, chloroform), or such antiseptics as phenol, bichloride of mercury, or cresol, as shown by tests made by others and ourselves. We have shown, however, that the resistance of the incitant to these chemicals is really masked. It is due to the fact that the reagents coagulate the proteins of the medium in which the virus is, as a rule, suspended. As a result the active agent is protected by the coagula which prevents direct contact with the chemicals. On the other hand, if advantage is taken of the periodic phenomenon attending such processes, and coagulation is prevented, the virus can then be brought under direct action of the antiseptics. Under these conditions, the incitant is more sensitive to destruction by the chemicals than is the living staphylococcus. As a corollary, the virus is destroyed as rapidly, or even more so, than are staphylococci by substances such as sodium hydrate (1 to 2 per cent solutions), or antiformin (1 per cent solution) which do not form coagula. We are therefore compelled to contradict the opinion that the extraordinary resistance to certain chemicals of the virus of foot-and-mouth disease, as it ordinarily occurs admixed with proteins, is an indication of its inanimate character.
The results of a large series of experiments lead to the conclusion that of a number of antiseptics employed the sodium hydrate in 1 to 2 per cent solutions is an effective virucide. It is capable of killing the virus within 1 minute as shown by tests on cattle and guinea pigs. Furthermore, its effectiveness is not diminished even when the virulent material is admixed with cattle's urine, with manure, or with garden soil. The experimental evidence and the cheapness suggest its use in field practice as a disinfectant.
